Introduction: Androgenetic alopecia (AA) is a pathology associated to hormonal imbalance and affects men and women causing reduction and/or absence of hair in a particular region of the scalp. Some of the pharmacological treatments available in the market are inefficient and/or present risks and contraindications. Here, a combination of two minimally invasive techniques (photobiomodulation and microneedling) was proposed as a four-week treatment protocol in the treatment of male AA within a case series. Case Series: The one-month treatment was performed in three men with AA, being 12 applications of photobiomodulation (three times a week) using low intensity laser (4 J per point, 40 seconds, 660 nm, 10 mW) and two microneedling sessions with a 15-day interval between them. The main outcome was the density of hair strands per square centimeter (n/cm 2 ). The analysis was performed through a dermatoscope that registered scalp images and software was used to count the number of strands. The images were recorded before the beginning of the treatment, after the sixth session (day 15),
INTRODUCTION
Androgenetic alopecia (AA) is related to the action of dihydrotestosterone (DHT), a testosterone metabolite and it is characterized by miniaturization of the hair, reducing of the anagen and increasing the telogen phase [1, 2] . The AA is present both in men and women, and it is the most common type of alopecia, which is a multifactorial pathology related to hereditary factors, hormonal changes, nutritional deficiencies, autoimmunity, stress, and others [3, 4] . There are different types of treatments for AA: topical, systemic, and surgical treatments [5] . Current treatments have www.ijcasereportsandimages.com Pedroso et al. 2 some side effects and high cost [6] . Some drugs, such as finasteride and minoxidil, present side effects, such as dryness, erythema, skin irritation and allergic contact dermatitis, erectile dysfunction, and impotence [7] . Thus, noninvasive techniques, such as microneedling and photobiomodulation (PBM), have emerging as interesting alternatives in the treatment of AA for those who are not willing to conventional treatments with medicines or hair transplants [8] . The microneedling generates small roles in the cutaneous surface increasing the permeation of cosmetics and active ingredients, and also triggers the release of growth factors and neovascularization [9] . In the treatment of AA, induces the expression of Wnt proteins, which stimulate the stem cells from dermal papilla, inducing hair growth [10] . Photobiomodulation in the treatment of AA acts by increasing the production of energy in the form of adenosine triphosphate, increasing cell metabolism and hair growth [11] . These two minimally invasive techniques have shown to be promising, however, there are no reports regarding their combination. The objective of this series was to evaluate the efficacy of the combined protocol of microneedling associated to PBM in the treatment of male AA.
CASE SERIES
This study was designed following the Declaration of Helsinki. The procedures used within this study were approved by the Research Ethics Committee of the Nove de Julho University on August 20, 2018 with acceptance number 2.831.378. The informed consent form was filled and signed by the participants of the study. During the enrollment, the participants answered to an anamnesis and were evaluated by the researcher. The information was used to check the inclusion/exclusion criteria. The inclusion criteria were male patients, above 25 years old and presenting AA. Exclusion criteria were dandruff, dermatitis, and any type of scalp infections, lesions, or inflammations; skin cancer lesions; use of anticoagulants, corticosteroids, or anti-inflammatories; oral use of isotretinoin; use of oral or topical substances for hair treatment; use of medicines that increase skin photosensitivity; psoriasis; keratosis; diabetes mellitus; and warts. The treatment was performed during 4 weeks, being 12 applications of PBM, 3 times a week and 2 sessions of microneedling with interval of 15 days. In the first and seventh sessions, patients received topical anesthetic with 4% lidocaine cream (Dermomax, Aché Laboratory, São Paulo, Brazil) 30 minutes before the procedure in the region to be treated. Following the cream was withdrawn and region hygienized with 0.5% aqueous chlorhexidine solution. Then, the 0.5 mm roller (DermaRoller System, China) was applied, with a maximum of 10 passes per quadrant in all directions (horizontal, vertical, and diagonal). Then, the PBM with laser therapy EC (DMC, Florida, USA) was applied in the region affected by alopecia, at points 1 cm apart, homogeneously distributed throughout the area (660 nm, 100 mW, 40 seconds, 4 J per point). At all the other sessions (only PBM application), the treated region was hygienized with 0.5% aqueous chlorhexidine solution and PBM was applied according to the previous description.
A dermatoscope (BW-400X, Duratool, Taiwan) was used to record images of the scalp before (D0), after the sixth session (D15), after twelfth session (end of treatment, D30), and 30 days after the end of treatment (follow-up, D60), as presented at the flow chart ( Figure  1 ). Ten images from each participant were recorded at all time points, evaluating all the area affected by alopecia. Image J software (NIH) was used to count the follicles containing hair strands per square centimeter (n/cm 2 ) in each image. The Shapiro-Wilk test was used to evaluate the normality of the data. As the data were nonparametric, they were analyzed by the Friedman test, followed by a two-by-two comparison using the Wilcoxon test using GraphPad Prism software. Before receiving the first intervention (D0) and 30 days after the end of treatment (D60), the patients were asked regarding their dissatisfaction/discomfort with the dysfunction through a scale ranging from 0 to 10, where 0 meant no discomfort and 10 high discomfort (Figure 1) .
The patients, who participated in this study, were around 34 years old. The alopecia Stage was variable from III to VI by the Hamilton-Norwood scale while the symptoms started 4 to 10 years ago. From all patients, only patient 2 reported absence of dissatisfaction with the hair loss before the treatment started. Patients 1 and 3 presented reduced dissatisfaction after the end of the treatment. The detailed information is presented in Table 1 . All patients presented hair loss at the parietal and temporal region, and also at the vertex. The photos presented at Figure 2 showed the increase in hair density at the vertex region of the patients 1 and 2, while no difference was observed in patient 3, when comparing before treatment and at the follow-up (Figure 2A and B, G and H, M and N). The scalp photos showed a gradual increase in the number of strands when comparing before treatment (D0), after the sixth session (D15), on the last day of treatment (D30), and 30 days after the treatment finished (D60) ( Figure 2C -F for patient 1, I-L for patient 2, and O-R for patient 3). Although this parameter has not been determined, it is also possible to observe in the photos, the increase in the thickness of the strands during the treatment (Figure 2) .
The counts of the number of hair strands at 10 photos in each of the analysis periods for each patient showed a gradual increase in the total number of wires ( Figure  3) . A statistically significant difference (p < 0.05) was observed in the number of wires after 60 days of treatment compared to day 0 in patient 1 ( Figure 3A ) and patient 2 ( Figure 3B) . No difference was observed in patient 3 ( Figure 3C ) when comparing day 0 and day 60 while a decrease in the number of strands (n/cm 2 ) at day 30. The pool of data of the three patients exhibited a statistically significant increase in the number of strands per area (n/ cm 2 ) at the follow-up (day 60), 30 days after the end of the treatment (Figure 3D ).
DISCUSSION
The use of PBM as a therapy for AA has shown to be a safe option for the treatment of AA, promoting the increase in hair count without side effects and upregulation of proteins which are involved in the promotion of hair growth and reversing of miniaturization observed in AA patients [11, 12] . The results of this study corroborate with Jimenez et al. (2014) which evaluated the efficacy of HairMax Laser Comb device in increasing capillary density in men and women who received treatment 3 times a week for 26 weeks, the results showed increased capillary density in both sexes, with absence of side effects [13] . Suchonwanit et al. (2018) performed a study similar to Jimenez et al.'s, evaluating effectiveness of PBM in the treatment of AA using a helmet-shaped device. Forty individuals of both sexes underwent 24 weeks of treatment and the device proved to be effective with minimal side effects [14] . However, these studies were effective (and showed statistically difference in hair count per area) in more than 20 weeks of treatment. The combination of microneedling and PBM used here was effective in promoting hair regrowth in a 30 days (four weeks) treatment, being the results statistically significant 30 days after the protocol was performed.
The increase in hair count from 137.3 hair/cm 2 on baseline to 145.1 hair/cm 2 at the end of 14 weeks of PBM therapy (655 and 780 nm, 10 minutes daily, no radiant exposure was mentioned) was reported before, that is, a 6% increase in hair density [15] . Here, after four weeks of the combined treatment (PBM + microneedling) the hair count increased from 111.1 to 140.6 hair/cm 2 (pooled data), a 26% increase in hair density, showing that this is a promising protocol for AA treatment. Microneedling promotes an inflammatory process and acts on the release of important growth factors in follicle stimulation [10] . Arsie Contin et al. reported in their study that there is a need for the use of minoxidil associated with microneedling for better results [6] . Jha et al. performed a clinical study in patients suffering from AA comparing the use of minoxidil alone, associated to platelet rich plasma (PRP) and minoxidil associated to microneedling and PRP. The results showed that the group which received the combination of the three therapies presented better results with respect to hair regrowth indicating that the use of combination therapies bring greater results in the treatment of AA [16] . Here, we could observe that the use of microneedling associated to PBM was effective for treatment of this type of alopecia. Besides, the combined treatment showed to be more effective than the single ones (PBM or microneedling) by the data found in literature [15, 16] . The clinical protocol used here is a low cost one and has few contraindications and adverse effects in relation to other treatment options, making it an appropriate resource for the professional treating alopecia. Further studies, randomized and double blind clinical trials are needed to prove the effectivity of this combined protocol regarding the isolated ones. This case report inspired our group to develop a randomized clinical trial based upon this combination of therapies which is already recruiting [17] .
